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Kvantu datorika S�WD SULHNãURF¯EDV� NR GRG
NYDQWX SDVDXOHV OLNXPX L]PDQWRãDQD LQIRUP�FLMDV
DSVWU�G� XQ S�UUDLG��

1. .YDQWX PHK�QLNDV SDPDWSULQFLSL

¾ GDåDV DW]L¼DV QR OLQH�U�V DOJHEUDV
¾ VXSHUSR]¯FLMD
¾ P�U¯MXPV

2. .YDQWX VLVW�PDV N� LQIRUP�FLMDV QHV�ML

¾ q-bits
¾ NYDQWX OR§LVN�V RSHU�FLMDV

3. 3LUPDLV SLHOLHWRMXPV ± NYDQWX NULSWRJU�ILM�

¾ DWVO�JDV NYDQWX S�UUDLGHV DOJRULWPV

4. 9DLU�NX T�ELWX HIHNWL

¾ VS¯WLH VW�YRNºL (entaglment)
¾ WHOHSRUW�FLMD
¾ 3�âRUD IDNWRUL]�FLMDV DOJRULWPV

5. 3HUVSHNW¯YDV

¾ NYDQWX GDWRUX SUDNWLVN� UHDLO]�FLMD
¾ LHWHLFDP� OLWHUDWÌUD
¾ LHVNDLWHV QRVDF¯MXPL
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Hilberta telpas ��pa�s��bas

� Hilberta telpa:

Line�ar�a kompleks�a vektoru telpa H
j�i; j�i; ji : : : 2 H ;

8 c1; c2 2 C : c1 j�i+ c2 j�i 2 H ;

ar skal�aro reizin�ajumu

(j�i; j�i) � h�j�i 2 C :

Norm�e�sana h�j�i= 1,

ortogonalit�at�e h�j�i= 0.

� Pola Diraka apz��m�ejumi:

Katrs \ket"-vektors ir saist��ts ar savu \bra"-vektoru.

\bra"-vektors $ \ket"-vektors
h�j $ j�i.

h�j�i ir "bra-cket"

Saist���sana: j�iy = h�j,
(h�j�i)y = j�iy � h�jy = h�j�i= h�j�i�
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Teor�ema. Ja ir dots norm�ets vektors j i
ortonorm�etaj�a b�az�e

j i = c1j1i+ c2j2i+ : : :+ cnjni, tad
a)

nP
i=1

jcij2 = 1,

b) ci = hij i.

Pier�ad��jums. a)

1 = h j i= j iy j i= (
X
i

cijii)y j i =
X
i

ci
yjiiy j i =

X
i

ci
�hij

X
j

cjjji =
X
i;j

ci
�cjhijji=

X
i

ci
�cihijii =

X
i

jcij2:

b) hij i = hij
X
j

cjjji =
X
j

cjhijji = ci:

L��dz ar to h j = P
i
jiihij i.
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1 q-bits = kvantu sist�ema ar diviem

stacion�ariem st�avokl�iem

j	i = c0j0i+ c1j1i

q-bits
m�eram�! klasiskais bits (0 vai 1).

q-bita realiz�acijas piem�ers: fotona polariz�acijas

st�avokl�i

j0i � j$i; j1i � j $ i

Superpoz��ciju piem�eri:

j $i =
1p
2

�
j$i+ j $ i

�

j $ i =
1p
2

�
j$i � j $ i

�

j 	i =
1p
2

�
j$i+ i j $ i

�

j �i =
1p
2

�
j$i � i j $ i

�

Gan
n
j$i; j $ i

o
, gan

n
j $i; j $ i

o
,

gan
n
j 	i; j �i

o
ir vienl��dz der��gas ortonorm�etas

b�azes.



Oper�acijas ar q-bitiem

(kvantu lo�giskie v�arti)

Sist�emas st�avoklis main�as laik�a atkar��b�a no �ar�ejiem
apst�akl�iem (laukiem).

Uz laiku pakl�aujot q-bitu noteiktai iedarb��bai, var main��t
t�a st�avokli.

j	(t)i= c0(t) j0i+ c1(t) j1i;
bet jc0(t)j2+ jc1(t)j2 = 1 = const:

St�avokl�a vektros nemaina savu garumu (normu), bet
tikai pagrie�zas.

Pagriezieni ir �erti aprakst�ami ar unit�aro matricu pal��dz��bu.



Viena q-bita oper�acija NOT-v�arti ÛNOT (klasisk�a no-
lieguma analogs):

ÛNOT j0i= j1i; ÛNOT j1i= j0i:

Vektoru pieraksta b�az�e
�j0i; j1i	 k�a matricu-kolonnu:

j0i !
�
1
0

�
; j1i !

�
0
1

�
;

j	i= c0j0i+ c1j1i !

! c0

�
1
0

�
+ c1

�
0
1

�
=

�
c0
c1

�
:

Oper�aciju pieraksta k�a 2� 2 matricu:

ÛNOT !
�
0 1
1 0

�
�
0 1
1 0

��
c0
c1

�
=

�
c1
c0

�
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Cita 1 q-bita oper�acija | Adam�ara (Hadamard) trans-
form�acija:

ÛHj0i= 1p
2

�j0i+ j1i�= j00i

ÛHj1i= 1p
2

�j0i � j1i�= j10i

Adam�ara transform�aciju parasti uzl�uko k�a b�azes mai�nu:

ÛH
�
c0j0i+ c1j1i

�
= c0j00i+ c1j10i

Matricas form�a

ÛH ! 1p
2

�
1 1
1 �1

�
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.ULSWRJU�ILMDV�SDPDWX]GHYXPV

ALISE
iešifr�

zi¼RMXPV

atsl�JD

BOBS
atšifr�

zi¼RMXPV

atsl�JD

šifr�WV ]L¼RMXPV

EVA
noklaus�V

.ULSWRJU�ILMDV�VLVW�PDV

DU VOHSHQR DWVO�JX
(private key)

• YLHQUHL]�M�V DWVO�JDV
algoritms (one-time-pad)

Gilbert Vernam, 1935

• DWVO�JDV NYDQWX S�UUDLGH
(quantum key distribution)

Charles Bennet,
Gilles Brassad, 1984
( )

DU DWNO�WR DWVO�JX
(public key)

Whitefield Diffie,
Martin Hellman, 1976

• 56$ NULSWRVLVW�PD

Ronald Rivest,
Adi Shamir,
Leonard Adleman
1984



9LHQUHL]�M�V�DWVO�JDV�VLVW�PD

6OHSHQ� DWVO�JD ± JDG¯MXPD ELWX YLUNQH�

,HãLIU�ãDQD�

$WVO�JD 1 0 1 1 0 1 0 1
=L¼RMXPV ⊕ 0 1 1 0 1 0 0 1

âLIU�WDLV
]L¼RMXPV

1 1 0 1 1 1 0 0

$WãLIU�ãDQD�

âLIU�WDLV
]L¼RMXPV 1 1 0 1 1 1 0 0
$WVO�JD ⊕ 1 0 1 1 0 1 0 1

=L¼RMXPV 0 1 1 0 1 0 0 1

1. ALISE XQ %2%V VOHSHQL LHJÌVW SD YLHQDL
NRSLMDL VOHSHQ�V DWVO�JDV�

2. $/,6( LHãLIU� ]L¼RMXPX� WR VDVNDLWRW S�F
PRGXºD � DU VOHSHQR DWVO�gu.

3. ŠLIU�WDLV ]L¼RMXPV WLHN S�UUDLG¯WV SD DWNO�WR
NDQ�OX %2%DP�

4. %2%V DWãLIU� ]L¼RMXPX� DWN�UWRMRW $/,6(6
YHLNWR RSHU�FLMX DU VD¼HPWR ãLIU�WR ]L¼RMXPX�



9LHQUHL]�M�V�DWVO�JDV�VLVW�PD

+ 9LHQ¯J� DEVROÌW� GURã� VLVW�PD

– Slepenu atsl�JX LU JUÌWL S�UUDLG¯W

5LVLQ�MXPV ±

.YDQWX�DWVO�JDV�S�UUDLGH

(9$ QHYDU�V QRNODXV¯WLHV QHSDPDQ¯ta !



$WVO�JDV�NYDQWX�S�UUDLGH

(algoritms BB84)

Haotiski polariz�WLH
fotoni n�N
no gaismas avota

0 1

10

Katrs fotons iziet
caur 1 no 4 filtriem

Polariz�WRV
fotonus nosÌWD
BOBam

ALISES
filtru sist�PD

1. $/,6( QRVÌWD %2%DP YLUNQL IRWRQX� NDWUDP S�F
JDG¯MXPD L]Y�ORWLHV YLHQX QR þHWULHP SRODUL]�FLMDV

virzieniem.

2. Katram fotonam ALISE pieraksta, kura no GLY�P
ILOWUX VLVW�P�P WLND L]PDQWRWD

�YHUWLN�O��KRUL]RQW�O�  YDL GLDJRQ�O� )

…



Katru reizi analizatoru
izraugas br¯YL

Fotonu virkne
no ALISES

BOBa
analizatoru

sist�PD

…0 1 0 0 1

Analizators nosaka
vienu no diviem

virzieniem – 0 vai 1

3. %2%V GHWHNW� IRWRQX SRODUL]�FLMDV YLU]LHQXV�
NDWUX UHL]L L]Y�ORWLHV DQDOL]DWRUD JDG¯MXPD

analizatora tipu (  vai  ).

4. %2%V SD]L¼R $/,6(, SD DWNO�WX NDQ�OX� N�GXV
ILOWUXV YL¼ã LU L]Y�O�MLHV �EHW QH P�U¯MXPX
UH]XOW�WXV��

5. $/,6( VDO¯G]LQD LQIRUP�FLMX QR %2%D DU VDYX
SLHUDNVWX XQ SD]L¼R %2%DP� NXUL ELWL LU S�UUDLG¯WL
SDUHL]L� 7LH DU¯ YHLGR VOHSHQR DWVO�JX�

ALISEs virkne 1 0 1 1 0 0 1 1 0 0 1 1 1 0

ALISEs fotoni

BOBa filtri
%2%D P�U¯MXPV 1 0 0 1 0 0 1 1 0 0 0 1 0 0
S�UUDLG¯W� YLUNQH 1 – – 1 0 0 – 1 0 0 – 1 – 0


